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Abstract
We have investigated the nuclear-structure details of the cross sections for the elastic scattering of Lightest Supersymmetric
Particles (LSPs) from the promising dark-matter detectors 71Ga, 73Ge and 127I. The associated LSP detection sensitivities
have been obtained by a folding procedure for several recently proposed SUSY models with different scalar and axial-vector
characteristics. For the nuclear problem, a realistic microscopic Hamiltonian has been used within realistic model spaces. The
diagonalization of this Hamiltonian has been done by using the Microscopic Quasiparticle–Phonon Model (MQPM), suitable
for description of spectroscopic properties of medium-heavy and heavy odd–even nuclei. The formalism has been designed to
incorporate in a trivial fashion parameter sets of any other SUSY-model scenarios.
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Open access under CC BY license.The studies of the properties of dark matter (DM)
and its detection by terrestrial experiments are of fun-
damental importance and one of the most exciting
fields in the present-day particle physics and cosmol-
ogy. In recent years there has been intense theoretical
[1–3] and experimental [1,4–12] interest for search-
ing the Cold Dark Matter (CDM) component (dom-
inant component) of the Universe which comprises
the local galactic halo. Special effort has been de-
voted to the direct detection of the weakly interact-
ing massive particles (WIMPs) [7,11–13] which con-
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Open access under CC BY license.stitute possible CDM candidates with typical masses
in the range between 10–30 GeV to some TeV. One
popular WIMP candidate for non-baryonic CDM is
the Lightest Supersymmetric Particle (LSP), a rather
stable Majorana fermion which is predicted by super-
symmetric (SUSY) Standard Model (SM) and trav-
els with non-relativistic velocities within the galactic
halo. There are two obvious choices of neutral LSPs,
neutralinos and sneutrinos [14]. The first candidate,
especially the super-partner of the U(1)Y hypercharge
gauge boson (the bino B˜), has extensively been dis-
cussed (see, e.g., Ref. [15]). Also possible, but less im-
portant neutralino scenarios for CDM candidates are
the Higgsino-like and the mixed gaugino–Higgsino
32 E. Holmlund et al. / Physics Letters B 584 (2004) 31–39LSPs [15,16]). The sneutrinos are allowed as CDM
candidates in SUSY theories with Lepton Flavor Vi-
olation (LFV) [3].
One of the most promising ways to search in the
laboratory for CDM candidates is to detect their nu-
clear recoil signature due to neutral-current scattering
off the target nuclei, e.g., those forming the material
of solid or liquid scintillators (NaI, CsI, etc.), of su-
perheated superconducting granules (Al, Zn, etc.), and
so on. The signal could be ionization, phonons or light
produced by the recoiling nucleus. Attempts to iden-
tify such signals have up to the present been performed
mainly at Gran Sasso, with NaI scintillating crystal de-
tectors (DAMA experiment [7,9]) and with a 73Ge tar-
get (the Heidelberg Dark Matter Search, HDMS [10]),
at Modane, using the 73Ge target (EDELWEISS ex-
periment) [11], etc. (for a comprehensive discussion
of such experiments the reader is referred to Ref. [1]).
Another signature of direct search for WIMPs is the
annual modulation [4] of the WIMP signal resulting
from the seasonal variation of the Earth’s velocity
against the WIMPs wind [5].
The first DAMA experiment [7] observed an annual
modulation of nuclear recoil events which has been
interpreted as positive evidence of WIMPs. From
the data of the last run of DAMA experiment [9],
severe limit for the SUSY WIMP has been extracted.
Lately, the EDELWEISS Collaboration, using the
73Ge target [11], presented its first data. These data are
not consistent with the DAMA data [7], a discrepancy
which indicates that nuclear-structure effects might
play an important role. The significance of the low-
background NaI scintillators for the CDM searches
lies in their sensitivity to spin-dependent interactions
with WIMPs, since these scintillators contain the odd-
mass isotopes 127I and 23Na.
Since the coherent process dominates the LSP–
nucleus interaction, the possibility of a direct detection
of LSPs is based on their elastic neutral-current scat-
tering with nuclei. The LSP–nucleus weak interaction
Lagrangian has recently been constructed within the
context of the MSSM [2,14] and, in general, contains
scalar, vector and axial-vector interactions. As is well
known, the knowledge of the nuclear transition ma-
trix elements constitutes an excellent testing ground
for the theories describing the interactions involved in
such a Lagrangian. Assuming a DM halo gravitation-
ally trapped in the galaxy, appreciable counting ratescan be predicted with recoil-energy thresholds of a few
tens of keV.
For the reasons discussed above, an extensive in-
vestigation of the role played by the nuclear targets in
direct CDM-detection experiments is well motivated
theoretically. To this aim, in the present Letter we
perform realistic nuclear-structure calculations for the
DAMA, HDMS and EDELWEISS targets. We, how-
ever, find it also interesting to study other promising
CDM targets, and as an example we have chosen 71Ga
which has been used in solar-neutrino detection exper-
iments at Baksan and Gran Sasso [17–19]. Discussion
of the phenomenological and cosmological properties
of the LSP in the SUSY theories is beyond the scope of
this Letter and we refer the reader to Refs. [1,2,20–24]
where the detection of CDM candidates in the SUSY
models is extensively studied.
Let us start from the LSP–nucleus differential cross
section in the laboratory frame, dσ(q, v)/dq2, where
q represents the momentum transfer to the nuclear
target and v is the LSP velocity with respect to the
Earth which, if we neglect Earth’s rotation effects,
is equal to the relative velocity of the LSP and the
detector nucleus. Instead of q2 one can use the variable
u = q2b2/2 =MAb2Q, where MA the nuclear mass,
b the nuclear harmonic oscillator size parameter, and
Q the energy transfer to the nucleus which, from
kinematics, is found to be
Q≡ q
2
2MA
= µ
2
r v
2(1− cos θ)
MA
,
with θ being the center-of-mass scattering angle and
µr the reduced mass of the LSP–nucleus system. By
neglecting the small vector contribution, we have
(1)dσ(u, v)
du
= 1
2
σ0
(
1
mpb
)2
c2
v2
dσAS(u, v)
du
,
with
dσAS(u, v)
du
= (f 0AΩ0(0))2F00(u)+ 2f 0Af 1AΩ0(0)Ω1(0)F01(u)
+ (f 1AΩ1(0))2F11(u)
(2)+A2
(
f 0S − f 1S
A− 2Z
A
)2∣∣F(u)∣∣2.
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are defined as
(3)Fρρ′ (u)=
∑
λ,κ
Ω
(λ,κ)
ρ (u)Ω
(λ,k)
ρ′ (u)
Ωρ(0)Ωρ′(0)
,
(4)
Ω(λ,κ)ρ (u)=
√
4π
2J + 1
× (Jf ‖
A∑
j=1
[
Yλ(Ωj )⊗ σ(j)
]
κ
jλ
(√
urj
)
×ωρ(j)‖Ji),
with ω0(j) = 1 and ω1(j) = τ3(j). Here Ωj is
the solid angle for the position vector of the j th
nucleon, σ the Pauli spin matrix and jλ a Bessel
function. The static spin matrix elements are defined
as Ωρ(0) = Ω(0,1)ρ (0). In Eq. (1) we have defined
σ0 = 0.77 × 10−38 cm2 [1] and mp is the proton
mass. In Eq. (2) the values of the nucleonic-current
parameters f 0A, f
1
A (isoscalar and isovector parts of the
axial-vector current), f 0S , f 1S (isoscalar and isovector
parts of the scalar current) depend on the specific
SUSY model employed [25].
By integrating Eq. (2) over u the scattering cross
section σAS(v) can be written in the form (see also [2,
14,26])
σAS(v)=
(
f 0A
)2
C1 + 2f 1Af 0AC2 +
(
f 1A
)2
C3
(5)+A2
(
f 0S − f 1S
A− 2Z
A
)2
C4,
where the quantities CJ , J = 1,2,3,4, are the inte-
grals
(6)C1 =
(
Ω0(0)
)2 uf∫
ui
F00(u) du,
(7)C2 =Ω0(0)Ω1(0)
uf∫
ui
F01(u) du,
(8)C3 =
(
Ω1(0)
)2 uf∫
ui
F11(u) du,
(9)C4 =
uf∫
u
∣∣F(u)∣∣2 du.
iIn Eqs. (6)–(9), for calculating the detectable rates of
a specific detector, the lower limit ui of the integrals
CJ depend on two parameters as ui ≡ ui(Qthr,mχ ),
where Qthr is the threshold energy transfer to the
detector, and mχ the mass of the LSP. The upper limit
uf depends also on the LSP mass mχ and on the LSP
velocity v, i.e., we have uf ≡ uf (v,mχ ). In many
previous studies, however, the threshold effects have
been neglected and authors used ui ≈ 0. For the upper
limit, uf , authors usually employed as v the escape
velocity of the LSP from the Milky Way, to yield
uf ≈ umax = 2(vescµrb)2, where vesc = 625 km/s.
This approximation does not significantly affect the
total potentially measured rate by the detector, and
thus we are going to adopt it to yield compact, easy-
to-use expression for the detection rate.
For a given particle-physics model, a given halo
density distribution for the LSP (a typical value
commonly used is ρ(0)= 0.3 GeV/cm3), and a given
velocity dispersion 〈v2〉1/2, the calculation of the event
rate for a specific CDM detector is straightforward
within the above described approximation. Then, the
detection rate which would be measured using an LSP-
detector with mass m, and assuming that the LSP is
moving with a velocity vz with respect to the detecting
apparatus, is given by
(10)R = dN
dt
= ρ(0)
mχ
m
Amp
|vz|σ(v).
The event rate, given in Eq. (10), does not take into
account either the velocity distribution of the LSP
within the galactic halo or the motion of the nuclear
target participating in the Earth’s revolution around
the Sun, or Sun’s motion with respect to the center
of our galaxy. In order to study these effects upon
the cross sections σAS(v) and the event rates R, one
is usually using the folding method by choosing a
realistic velocity distribution. Such a consistent choice
can be a Maxwell distribution which in the laboratory
frame is written as
(11)f (v,vE)=
(√
πv0
)−3
e−(v+vE)2/v20 .
In the latter expression vE is the velocity of the
Earth with respect to the galactic center with |vE| =
vE = v0(1.05 + 0.07 cosα), where α is known as
phase of Earth’s revolution (α = 0 around 2nd of
June for which vE = 1.12v0 ≈ 246 km/s, and α = π
around 2nd of December for which vE = 0.98v0 ≈
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annual modulation of the event rate which peaks at
the 2nd of June. In Eq. (11) v0 = [(2/3)〈v2〉]1/2 =
220 km/s is the circulation speed of the Sun around
the Galactic center.
The folded rate by using the Maxwell distribution
can be written as
(12)
〈R〉 ≡
〈
dN
dt
〉
= 1
2
σ0
(
1
mpb
)2
c2
v2
ρ(0)
mχ
m
Amp
√
〈v2〉〈-〉,
where
(13)〈-〉 =
∫ |vz|√〈v2〉f (v,vE)σAS
(|v|)d3v.
By taking the polar axis into the direction of vE, and
integrating over angles we get
〈-〉 = 2√
6π
1
v2E
e−λ2
(14)×
ψmax∫
ψmin
dψF(2λψ)
1
ψ
e−ψ2σAS(v0ψ),
where ψ = v/v0, λ= vE/v0 and the function F(χ) is
defined as F(χ)= χ sinhχ − coshχ +1. In the above
expression
ψmin = v−10
(
QthrMA/
(
2µ2r
))1/2
and ψmax = vesc/v0. Taking λ≈ 1 (which corresponds
to Earth’s phase α ≈ π ), and ψmin ≈ 0, and ψmax →
∞, one finds that to a good approximation the detec-
tion rate can be given by a simple expression, namely,
(15)〈R〉 ≈ 0.543R0m [kg],
where
R0 = 12σ0
(
1
mpb
)2
ρ(0)
mχ
1
Amp
c2
v0
σAS(vesc)
= 8.90× 107
(16)× σAS(vesc)
Amχ [GeV](mpb)2
[
yr−1 kg−1
]
.
As can be seen from Eq. (5), the quantity σAS(vesc)
contains all the nuclear-structure information involved
in the scattering amplitude by means of the nuclear
form factors and the spin matrix elements of Eqs. (3)and (4), the formulation of which is thoroughly de-
scribed in [26]. Here we skip such details and, assum-
ing a given model for the coupling parameters f τA and
f τS , τ = 0,1, we proceed with the description of the
nuclear-structure calculations underlying these matrix
elements.
The description of odd–even nuclei can be based on
the spectroscopic properties of the neighboring even–
even reference nuclei by utilizing the quasiparticle–
phonon coupling philosophy. In the present work the
structure of the relevant even–even nuclei is treated
by the QRPA (quasiparticle random-phase approxima-
tion) based on BCS quasiparticles. The basic two-body
interaction is taken to be a G-matrix based on the Bonn
one-boson-exchange potential. The monopole part of
this interaction is scaled phenomenologically, sepa-
rately for neutrons and protons, to be consistent with
the observed neutron and proton separation energies
within the BCS procedure. The other multipole chan-
nels of the like-nucleon interaction have been scaled
to reproduce the low-energy spectra of the even–even
reference nuclei when using the QRPA diagonalization
method. After the BCS and the QRPA steps the two-
body Hamiltonian describing the even–even reference
nucleus and its neighboring odd–even nuclei has been
created. Thus the last step, namely, the calculation of
the states of these odd–even nuclei, can be done us-
ing this fixed Hamiltonian, without any additional ad-
justable parameters.
The properties of the odd–even nuclei are calcu-
lated by the use of the Microscopic Quasiparticle–
Phonon Model (MQPM) suited for description of
medium-heavy and heavy, spherical or nearly spher-
ical odd–even nuclei [27]. The starting point in this
model are the BCS quasiparticles coupled with the
QRPA phonons of the even–even reference nucleus.
The basis states of the MQPM are the one- and three-
quasiparticle states, where the latter appear in the form
of quasiparticle–phonon coupled states. The related
wave function can be written as
(17)Γ †
i (jm)=
∑
n
Cina
†
njm +
∑
b,ω
Dibω
[
a
†
bQ
†
ω
]
jm
.
Above it is clearly seen that the three-quasiparticle
terms are constructed by coupling the BCS quasipar-
ticles a†b with the QRPA phonons Q†ω obtained in the
QRPA step. The use of the quasiparticle–phonon cou-
pling opens up a way to reduce the dimensions of
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lying collective vibrational states of the reference nu-
clei. At the same time there opens up the possibil-
ity to monitor the convergence of the computed nu-
clear states by adding QRPA phonons. The diagonal-
ization of the residual Hamiltonian within the above-
mentioned non-orthogonal and over-complete basis
can be done by a special method described in [27]. The
MQPM and the associated QRPA method have been
tested against the nuclear shell model for the even and
odd N = 82 isotones in [28,29].
The calculation of the structure of 127I was made
by using 128Xe as the reference nucleus. The 2s-
1d-0g-2p-1f-0h-0i13/2 valence space for the neutrons
and the 1p-0f-2s-1d-0g-0h11/2 valence space for the
protons was adopted. The nice agreement between
the experimental and theoretical low-energy spectra
of 127I has been discussed in the context of the solar-neutrino detection in the recent article [30] in its Fig. 5.
There the structure of the wave functions of the low-
lying states of 127I, in particular concerning its ground-
state wave function, has been discussed in detail.
73Ge was formed by coupling a quasineutron, and
71Ga by coupling a quasiproton to the reference nu-
cleus 72Ge. The 1s-0d-1p-0f-2s-1d-0g-0h11/2 valence
space was used for these nuclei, both for the neutrons
and the protons. Comparison between the experimen-
tal and theoretical spectra for 73Ge has been done in
Fig. 1. The MQPM is able to predict the ground state
correctly—it is 9/2+ as in the experimental data. The
one-quasiparticle probability of this state is 99%. The
next biggest contribution is coming from the coupling
of the 9/2+ quasiparticle with the first 2+ state of the
reference nucleus 72Ge. The rest of the components
are very small. In the case of 71Ga the experimental
low-energy spectrum is well known and it is easy to
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Calculated magnetic moments and their decomposition into orbital and spin parts using different theoretical models for the nuclei studied in
this Letter. The theoretical and experimental magnetic moments µ are given in units of the nuclear magneton µN. The calculations SM-L and
SM-S are the large and small basis shell-model calculations of [33], and HVA is the Hybrid Variational Approach of [34]. Calculations SM-BA
and SM-NII are the shell-model calculations of [35] using the Bonn-A and Nijmegen-II interactions, respectively. The OGM is the Odd Group
Model of [32]
Nucleus Theory 〈Sn〉 〈Sp〉 〈Ln〉 〈Lp〉 µ
71Ga MQPM −0.001 0.357 −0.030 1.058 3.057
µexp = 2.562
73Ge MQPM 0.495 −0.0002 3.994 −0.004 −1.901
µexp =−0.879 SM-L 0.468 0.011 3.529 0.491 −1.239
SM-S 0.496 0.005 3.596 0.40 −1.468
HVA 0.378 0.030 3.732 0.361 −0.920
127I MQPM −0.002 0.518 −0.042 2.028 4.927
µexp = 2.813 SM-BA 0.075 0.309 0.779 1.338 2.775
SM-NII 0.064 0.354 0.664 1.418 3.150
OGM 0.0 0.07 0.0 2.43 fittedstudy the quality of the theoretical approach. Compar-
ison of experimental and theoretical spectra is shown
in Ref. [31], Fig. 5. The ground state 3/2− is correctly
predicted by the MQPM, and it has a calculated one-
quasiparticle probability of 95%. The rest of the wave
function consists of numerous small pieces where the
1p3/2 and the 0f5/2 quasiparticles have been coupled
mainly with the first 2+ and 4+ phonons of 72Ge.
Calculation of the magnetic moment of the nuclear
states involved in the LSP scattering gives some indi-
cation of the predictive power of a nuclear model. This
method was used in the article [32] for several candi-
date nuclei, and a refined study was performed later
for the 73Ge target nucleus in [33,34], and for 127I in
[32,35]. In Table 1 we show, for each discussed nu-
cleus, the magnetic moments and their decomposition
into spin and orbital parts, calculated by using differ-
ent nuclear models (for more information see the table
caption). From it one can see that for 73Ge and 127I
the magnetic moments calculated by the MQPM are
close to the single-particle estimates and the MQPM
cannot quench the magnetic moments to match the ex-
perimental magnetic moments. This happens because
of the rather pure one-quasiparticle character of the
ground states of the involved nuclei, meaning that the
magnitude of the one-quasiparticle amplitude Cg.s.n in
Eq. (17) be much larger than the magnitudes of the
C
g.s.
bω amplitudes of the three-quasiparticle contribu-
tions. For the proton-odd 71Ga, however, the MQPM
is able to quench quite much the magnetic momentfrom the single-particle value towards the experimen-
tal one. For 73Ge and 127I the results calculated by the
shell model are in better agreement with the data due
to more complicated mixing in the ground state. In [33,
35] also a quenching was used in the form of effective
g factors leading to an effective magnetic-moment op-
erator. As pointed out in [35], the use of these effective
magnetic moments is rather ambiguous, and thus we
have refrained from using them in our MQPM calcu-
lation. Also the other quoted results are taken without
any quenching included. The most relevant contribu-
tions in the magnetic moments, from the LSP scatter-
ing point of view, are the spin contribution 〈Sn〉 for
73Ge and the spin contribution 〈Sp〉 for 71Ga and 127I.
For these quantities all the quoted theoretical models,
except the Odd Group Model (OGM) for 127I, give
comparable results. Thus one expects that the spin part
of the scattering cross section, i.e., the factors C1, C2
and C3 of σAS in Eq. (5) are reasonably described in
the MQPM framework.
Our results concerning the parameters entering
the total cross section for the LSP–nucleus elastic
scattering Eq. (5), have been summarized in Table 2,
where we include the relevant quantities giving the
static values for the spin matrix elements, Ωi(0),
i = 0,1 (defined below Eq. (4)), and the integrals
Cj , j = 1,2,3,4, defined by Eqs. (6)–(9). As can be
seen from Table 2, the isoscalar, [Ω0]2, and isovector,
[Ω1]2, channels as well as the product Ω0Ω1, do
not significantly differ for each nucleus. We mention
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Parameters of the LSP–nucleus scattering cross section of Eq. (5)
for the three studied dark-matter detectors. For the integrals C an
infinite LSP mass (marked by inf) and the mass of mχ = 110 GeV
has been used
Quantity 71Ga 73Ge 127I
mpb 9.97 10.00 10.83
Ω0 0.919 0.978 1.220
Ω1 0.925 −1.070 1.230
[Ω0]2 0.845 0.956 1.488
[Ω1]2 0.856 1.145 1.513
Ω0Ω1 0.850 −1.046 1.501
umax(inf) 4.36 4.63 16.45
C1(inf) 0.664 0.667 0.955
C2(inf) 0.667 −0.467 0.956
C3(inf) 0.670 0.552 0.960
C4(inf) 0.375 0.363 0.304
umax(mχ = 110 GeV) 1.69 1.76 3.80
C1(mχ = 110 GeV) 0.545 0.472 0.732
C2(mχ = 110 GeV) 0.548 −0.345 0.733
C3(mχ = 110 GeV) 0.551 0.412 0.737
C4(mχ = 110 GeV) 0.374 0.363 0.308
that our values for 73Ge are very close to the shell-
model values (1.125, 1.021 and −1.072, respectively)
of Ref. [33]. For 127I our values are quite a bit larger
than the shell-model values [Ω0]2 = 0.821 − 0.976,
[Ω1]2 = 0.306 − 0.471, Ω0Ω1 = 0.502 − 0.678 of
Ref. [35] for the two interactions used there. As can
be seen for 127I, the biggest difference with respect
to the results of the MQPM occurs for the isovector
spin matrix element, whereas the isoscalar spin matrix
element is not very different in the two models. The
bigger differences in the case of 127I come from the
bigger differences in the values of the spin matrix
elements of Table 1.
In the case of 71Ga, the values for both channels,
[Ωi]2, i = 0,1, appear to be quenched by about a
factor of two compared to those of 127I. For this
characteristic, in the present calculation, 127I seems
to be rather a favourable LSP detection target as
compared to the 71Ga and 73Ge targets. However, the
shell-model calculations suggest that this view could
be too optimistic for 127I, yielding 71Ga and 73Ge to
be more sensitive choices. One can also see that the
value of the LSP mass affects quite much the values
of the integrals C1, C2 and C3 of Eqs. (6)–(8). On the
other hand, the value of the form-factor integral C4 of
Eq. (9) is practically independent of the LSP mass in
the region of our interest.Fig. 2. The spin structure functions Fρρ′ of Eq. (3) as functions of
the momentum transfer u.
In Fig. 2 we show the spin structure functions Fρρ′
of Eq. (3) as functions of the momentum transfer
(parameter u). These functions can be compared with
the corresponding functions Sρρ′(q) of Fig. 4 of [33]
by using the conversion formulae
(18)Sρρ′(q)= 11+ δρρ′
2Jg.s. + 1
8π
ΩρΩρ′Fρρ′(u),
where Jg.s. is the ground-state angular momentum of
the target nucleus, in the case of 73Ge it being Jg.s. =
9/2. Using Eq. (18) for 73Ge, one finds S00(q) =
0.190F00(u), S11(q) = 0.228F11(u), and S01(q) =
−0.416F01(u). Applying these conversion relations
brings our Fig. 2 almost exactly to Fig. 4 of [33]. For
127I the general behaviour of our Fρρ′(u) corresponds
to that of Sρρ′ (q) of [35], but the scale is different due
to the above quoted differences in the static values of
the spin matrix elements.
In Eqs. (6)–(9) the lower limits of the structure
integrals have been taken as zero, corresponding to
zero energy transfer to the detector nucleus. As is
known, the lower limit is rather determined from the
(small) energy cutoff (in many studies it is taken to be
zero) of the detector which is usually Qthr  50 keV.
Our final results for the LSP–nucleus elastic scattering
detection rates we have computed for three recently
38 E. Holmlund et al. / Physics Letters B 584 (2004) 31–39Fig. 3. The quantity R0 of Eq. (16) in units of yr−1 kg−1 as a
function of the detector threshold Qthr for a favourable LSP SUSY
model (see the text) and the three detector nuclei.
proposed SUSY models by using Eq. (15), and instead
of using umin = 0 we take into account the detector
threshold umin = (µrb2)Qthr in the integrals (6)–(9).
The three SUSY models all have the LSP mass around
mχ = 110 GeV (as already indicated in Table 2), and
their other relevant parameters have been listed in [14]
(models 1 and 3) and [25] (models 1, 3 and 5). In
these models one can use different scalar couplings
(models A, B and C in the cited references) and either
the naive quark model (NQM) or the EMC (based
on the data of the European Muon Collaboration)
model for the isoscalar axial coupling constant f 0A
appearing in Eq. (5). Our numerical results show that
the differences between the NQM and the EMC results
for these particular models are small. Taking, say,
the NQM results, the differences between the SUSY
models with respect to parametrization of the axial-
vector and scalar-coupling constants can lead to quite
different final detection rates. Our calculations show
that a favourable case for LSP detection is offered
by the model 5 of [25], with the scalar coupling B
(with scalar coupling C the sensitivity is almost the
same). For the rest of the models the detection rate is
at most 30 percent of the detection rate of these two
cases.
In Fig. 3 we show the quantity R0 of Eq. (16)
as a function of the detector threshold Qthr for thismodel and the three discussed detector nuclei. The
quantity R0 is given in units of yr−1 kg−1, and the
final detection rate can be conveniently obtained by
application of Eq. (15). From this figure it can be
seen that the detection rate of the 127I detector dives
down more steeply than the detection rates of the other
two detector nuclei when the detection threshold Qthr
increases. It appears that beyond Qthr = 20 keV the
nuclei 71Ga and 73Ge are more efficient detectors of
the LSP than the 127I nucleus. On the other hand,
for the other SUSY scenarios 71Ga would be the best
choice for a detector (with up to some 50 percent
better sensitivity than the sensitivity of the other two).
One has also to bear in mind that the recent shell-
model calculation [35] suggests that the detection rate
should be suppressed relative to the one calculated by
using the MQPM. This aspect was discussed earlier in
relation with Table 2.
In summary, we have calculated the LSP–nucleus
elastic scattering cross sections and the associated LSP
detection sensitivities for 71Ga, 73Ge and 127I, which
are promising CDM targets. This calculation has been
performed for several recently proposed SUSY mod-
els with different scalar and axial-vector characteris-
tics. Dependence of the detection rate on the Earth’s
motion around the Sun (modulation effect) has been
discussed, and taken into account in an average way
when folding the LSP–nucleus scattering cross section
with a Maxwellian velocity distribution of the LSPs.
We have employed the Microscopic Quasiparticle–
Phonon Model (MQPM), designed to efficiently de-
scribe odd-proton and odd-neutron nuclei, to calculate
the nuclear part of the problem. Our calculations indi-
cate that in general the nucleus 71Ga seems to be the
most favourable nucleus for the LSP detection, except
in few cases for low values of the detector threshold
(Qthr  20 keV), when the nucleus 127I seems to be the
most favourable choice (although recent shell-model
calculations suggest suppression in detection rates of
127I). It has to be noted that we have designed our for-
malism to be trivially applicable to any other possible
SUSY model scenarios to predict the cross sections as
functions of the relative velocity of the LSP–nucleus
system (our Eqs. (1) and (5)) or to evaluate the final
folded detection rates by Eqs. (15) and (16). In these
cases the C1−4(inf) integrals, evaluated in Table 2, can
be used for rough estimation of the cross sections and
detection rates.
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